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Bioethanol production
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cellulose bioethanol
International Energy Agency, “Key World Energy Statistics 2015,” p. 81, 2015. 
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hydrolysis + fermentation
Process: from lignocellulose to bioethanol
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Hydrolysis of cellulose
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cellulose glucose
+ 2n H2O
chemical
 strong acid
• high conversion 
• low selectivity
• corrosive
• T = 200°C
catalyst
2n
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enzymatic
 cellulase
• low conversion
• high selectivity
• slightly acidic
• T = 40°C
40-80-120 µl 
Celluclast
(700 U/g)
Procedure for enzymatic hydrolysis 
• batch reactor
• enzyme: Celluclast®
• temperature: 30 °C – 40 °C – 50 °C
• 100 ml acetic acid/acetate buffer 
pH = 5.0
• enzyme amount: 
40 µl – 80 µl – 120 µl
6
buffer
1.45 g cellulose
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UV-VIS spectroscopy
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glucose hydroxymethylfurfural
(HMF)
not colored colored
y = 7.831x - 0.0743
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excess H2SO4
+ 3 H2O
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Results of the hydrolysis 
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low glucose 
concentration
high glucose 
concentration
0 h 1 h 2 h 3 h 4 h 5 h 6 h 24 h
30/11/2016 – Student Research Conference – Nijmegen
0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0 2 4 6 8
c
o
n
v
e
rs
io
n
(-
)
time (h)
40 µl
c
o
n
v
e
rs
io
n
 (
-)
80 µl
c
o
n
v
e
rs
io
n
(-
)
120 µl
Michaelis Menten kinetics: hydrolysis
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k2 = 3.08 10
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KS = 2.67 10
1 ± 1.40 mol/l
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𝐾𝑆 =
𝑘−1 + 𝑘2
𝑘1
E: enzyme Celluclast®
S: substrate cellulose
ES: enzyme complex
P: product glucose
Michaelis Menten kinetics
Michaelis Menten kinetics: hydrolysis
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Good agreement between the values of the waste stream and 
the pure cellulose  model can be applied
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Fermentation of glucose to bioethanol
• batch reactor
• anaerobic conditions
• enzyme: baker’s yeast 
• temperature: 30 °C
• pH = 7.0
• enzyme amount: 7.5 10-2 g
• glucose amount: 0.375 g
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C6H12O6 → 2CH3CH2OH + 2CO2
glucose bioethanol
30/11/2016 – Student Research Conference – Nijmegen
Results of fermentation
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Michaelis Menten kinetics
k2 = 8.71 10
3 ± 1.41 103 s-1
KS = 6.84 10
3 mol/l*
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high glucose 
concentration
low glucose 
concentration
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Aspen: industrial simulation
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3.16 ton/h
25.3 ton/h
hydrolysis:
T = 40 °C
P = 1 atm
fermentation:
T = 30 °C
P = 1 atm
flash vessel: 
T = 30 °C
P = 1 atm
distillation:
number of plates = 28
reflux ratio = 2 
1.21 ton/h ethanol
0.205 ton/h water
23.2 ton/h total:
1.24 m% cellobiose
1.17 m% glucose
97.5 m% water
D. Humbird, et al. - National Renewable Energy Laboratory - May, 2011.
cellobiose
water
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Conclusion
• Relevant experiments:
- hydrolysis of cellulose waste stream to glucose 
- fermentation of glucose to bioethanol
• Innovative, simple and cheap analytical method: 
UV-VIS spectroscopy
• Michaelis Menten kinetics proven accurate
• Economical/ecological implications:
 enzyme not separable
 large amounts of water
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Further research is needed to achieve 
full potential
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Thank you for your attention
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